This study presents a thermodynamic analysis of an absorption-assisted multi-effect evaporation (MEE) water desalination system, ABMEE. Compared with the conventional MEE systems operating within 40°C~70°C, the MEE subsystem in ABMEE has a greatly extended operation temperature range of 10°C~70°C, thus being able to accommodate up to nine more effects. Since the temperatures of the discharged brine and the distillate from the last effect of MEE are lower than the ambient temperature, the system produces refrigeration as by-product. Owing to the coupling with the absorption unit, a water production gain up to 36% can be obtained compared with a baseline 9-effect MEE system, and an energy saving rate up to 53% can be obtained when the produced refrigeration is also considered. A detailed parametric sensitivity analysis is performed by analyzing the influence of the main factors on the water production, refrigeration production and energy saving benefit of ABMEE. The upper and lower limits of the motive steam saturation temperature, within which the ABMEE system can operate, are illustrated for different conditions. In the situations where the produced refrigeration is not needed, it can be used to enhance the water production of ABMEE by using it to cool the feed seawater of the added effects of MEE, and a 5.1%~8.1% water production gain can be obtained.
Introduction
Industrial desalination of seawater and brackish water has become an important way of mitigating water shortages in many arid areas in the world. It is reported that the global cumulative online capacity of desalination plants had reached 88.6 million m 3 /d by June 2016 [1] . Reverse osmosis (RO), multi-stage flash (MSF) and low-temperature multi-effect evaporation (LT-MEE) are three most commonly used desalination processes, among which the former one is mechanically driven and the latter two are thermally driven. RO has been increasing its market share in recent years because it is basically more energy-efficient, more compact, and more flexible in operation and design than thermal desalination [2, 3] . Thermal desalination becomes more attractive in the areas where the feedwater has high salinity and/or poor quality, because it produces fresh water through evaporation and condensation processes and is therefore much less sensitive to the salinity and quality of feedwater than RO. Another distinct advantage of thermal desalination is that it mainly consumes low-grade heat, thus suitable to be combined with power generation or other thermal processes to improve the total energy efficiency.
LT-MEE with a top brine temperature (TBT) lower than 70 o C has attracted attention during the past two decades, mainly because of its lower scaling and corrosion rates, lower capital cost, longer operation life and less pumping power consumption [4] compared with MSF. In a LT-MEE system, the vapor formed in one effect is used as the driving heat source of the next effect, so increasing the number of effects can lead to significantly improved performance of water production. For example, in a case study in [5] , increasing the number of effects from 5 to 8 increased the performance ratio PR (defined as the mass ratio of the produced water and the motive steam) from 4.1 to 6.1, increased by 49%. However, limited by the allowable TBT (which is determined by controllable scaling and fouling) and the final condensing temperature (which is determined by the ambient conditions), the operating temperature range of the effects in LT-MEE is usually within 40 o C~70 o C, limiting the increase of the number of effects. For example, setting the inter-effect temperature difference at a typical value of 3.5 o C, the maximum number of effects that can be obtained is 9.
In order to raise the number of effects of LT-MEE, Aly [6] creatively proposed using an absorption cooling machine to establish a low-temperature environment for LT-MEE, thus lowering the operating temperature of the last effect from around 40°C to 6°C. With a TBT of 63°C and an inter-effect temperature difference of 3 o C, a 20-effect LT-MEE was configured. The proposed system was predicted to have a PR of 14.2 for water production, plus a by-product of cooling capacity derived from the last-effect blowdown with a temperature of 6.5°C. Thu et al. [7] proposed a system composed of an adsorption cycle and a LT-MEE desalination unit, where the final condensing temperature dropped to 5°C-10°C and up to four effects were added. The water production rate was more than twice compared with a conventional 8-effect MEE driven by the same hot water at 75°C, and more than 40% of the increase was attributed to the effects operating below the ambient temperature (30°C). Shahzad et al. [8, 9 ] studied a similar system where the operating temperature of the last effect was 3°C, and verified the effectiveness of the system experimentally. It should be noted that in the adsorption based systems, the parameters such as the temperature and the water production rate of each effect of LT-MEE change cyclically because the adsorption and desorption processes occur alternately.
The studies [6] [7] [8] [9] conducted so far reveal that, by using absorption or adsorption cycle, the operating temperature range of LT-MEE can be extended significantly and thereby more effects can be accommodated, and the result is significantly improved performance over conventional LT-MEEs. Considering that the absorption technology is much more mature than the adsorption technology, we focus our efforts on an absorption-assisted LT-MEE system, ABMEE, in this paper. Although, the ABMEE system studied is also integrated by a LiBr-H 2 O absorption unit and a MEE unit, this study differs significantly from [6] : first, this study is a detailed thermodynamic analysis other than a conceptual proposal and case study [6] , providing details of parametric sensitivity, parameters selection and system performance; second, the situation where the refrigeration produced by ABMEE is not needed anywhere, is considered and the possibility of using the refrigeration to enhance the water production of ABMEE is discussed.
System configuration
The ABMEE system is composed of two subsystems: a single-effect LiBr-H 2 O absorption unit and a LT-MEE water desalination unit, with the configuration schematically shown in Fig. 1 . The two subsystems are interconnected: the steam generated in the generator of the absorption unit enters the first effect of MEE, serving as the driving heat source for desalination, and the LiBr-H 2 O solution in the absorber absorbs the water vapor formed in the last effect of MEE, creating a low-pressure and then low-temperature environment for MEE. The MEE subsystem is divided into two sections: the higher-temperature section (HS) operating within the same temperature range as a conventional LT-MEE, and the lower-temperature section (LS) operating within a lower temperature range than a conventional LT-MEE.
The motive steam (1) heats the LiBr-H 2 O mixture in the generator and boils off part of the water in it. The generated steam (4) is routed into a desuperheater, where its sensible heat, together with part of the sensible heat of the condensate of the motive steam, is used to evaporate the condensate (8) from the flashing box F 1 to produce additional heating steam for MEE. The heating steam (5), whose mass flow rate m 5 = m 4 + m 8 , enters the first evaporator E 1 of MEE, releasing its latent heat for seawater evaporation, and the condensate (6) enters the flashing box F 1 where a small amount of vapor (9) flashes off because of a pressure drop. The vapor (7) evaporated from the seawater in E 1 passes through the preheater H 1 to preheat feed seawater, and then, together with the flashing vapor (9) from F 1 , enters the evaporator E 2 . This process is repeated for all the effects of HS until the last one (the mth effect).
Part of the vapor (10) formed in the mth effect is routed into the end condenser, and the balance (11) enters the evaporator E m+1 , serving as the heating steam of the LS. The LS doesn't contain seawater preheaters because the temperature of the feed seawater (15) is higher than the operating temperature of most evaporators. The vapor (16) formed in the last effect (the nth effect) of LS is absorbed by the LiBr-H 2 O solution in the absorber. The weak solution (17) is preheated in the solution heat exchanger and then heated in the generator to generate steam (4) . Because the temperatures of the concentrated brine (14) and the distillate (13) from the nth effect are lower than the ambient temperature, the system produces refrigeration as by-product.
Calculation conditions and performance criteria

Calculation conditions
The main calculation conditions and assumptions are summarized in Table 1 . Following the mass and energy conservation principles, we built the governing equations of mass balance, involving the mass balance of each species of the solutions, and energy balance for each component and the entire system. The simulation was carried out using the Engineering Equation Solver (EES) software [10] . The properties of LiBr-H 2 O solution and steam/water were taken from the correlations provided by EES. The enthalpy of seawater/ brine was taken from [11] , and the boiling point elevation from [12] . In accordance with industrial practice [13] , the evaporators in the HS and those in the LS were considered having the same heat transfer areas, respectively.
The computerized model was first validated by checking the relative errors of mass and energy balance of each component and the whole system, where they were found to be less than 10 -6 . Because the absorption subsystem and the MEE subsystem are relatively independent, the model of ABMEE was then validated by comparing the simulation results of the two subsystems separately with those in literature [14] [15] [16] under the same calculation conditions. The results show that the model predictions compared well with the published data. For example, the relative differences of the coefficient of performance (COP) of the absorption unit and the PR of the MEE unit are both within 3%.
Performance of the baseline MEE system
For the sake of comparison, the conventional 9-effect LT-MEE system is taken as the baseline system, whose configuration is the same as the HS shown in Fig. 1 . The calculation conditions for the MEE subsystem (Table 1) are also used in the modelling of the baseline system. The motive steam is assumed to be saturated, and Fig. 2 shows the influence of its temperature T ms on the performance ratio of the baseline system, PR 0 .
It is revealed that the baseline MEE has a PR 0 of 8.1~8.4 when T ms = 90°C~150°C. Despite the fact that the latent heat of condensation of the motive steam decreases with the increase of T ms , the PR 0 increases with T ms slightly. The main reason is that not only the latent heat, but also part of the sensible heat of the motive steam is utilized in the desalination process (the saturated motive steam becomes subcooled water when flowing out of the MEE system). Increasing T ms leads to increased sensible heat available and then slightly increased thermal energy for desalination, and the result is slightly increased PR 0 .
Performance criteria
Performance ratio PR, the most commonly used criterion for evaluating the performance of thermal desalination systems, is also used for ABMEE: 
When the mass flow of the motive steam is taken as 1 kg/s (Table 1) , the water production rate m w equals to the PR numerically. For HS and LS,
Although ABMEE is a water and refrigeration cogeneration system, priority should be given to water production when analyzing and designing it, because water production is the main purpose of it. However, as a useful output, the production of refrigeration (denoted by q R when 1 kg/s motive steam is consumed) can help achieve better energy utilization. The energy saving rate ξ is used to evaluate the energy benefit of cogeneration:
where m LT-MEE and m AR are the mass of the motive steam needed in the water-only baseline LT-MEE system and the conventional refrigeration-only single-effect LiBr-H 2 O absorption refrigerator (AR), respectively, for producing the same amount of fresh water m w and refrigeration q R as the ABMEE system at the same motive steam conditions. ξ can also be written as
where ξ 1 is the energy saving rate caused by the improvement in the PR of ABMEE over the baseline MEE, and ξ 2 is that caused by the production of refrigeration; COP is the coefficient of performance of the refrigeration-only AR, and r m is the latent heat of condensation of the motive steam. It should be noted that, unlike the conventional AR where the refrigerant absorbs heat under a nearly constant temperature-the evaporation temperature, the two cold fluids (streams 13 and 14 in Fig.1 ) from the ABMEE absorb heat by increasing their temperatures. Theoretically, the produced refrigeration corresponding to 1 kg/s motive steam can be calculated by
where h b0 and h w0 are the specific enthalpy of concentrated brine and fresh water at ambient conditions, respectively. It is impossible to utilize q Rth totally because temperature differences inevitably exist in the heat-transfer processes between the cold fluids and the medium being cooled. For example, assuming that the cold fluids are used for air conditioning, they would be heated by the room air to a temperature (say 20°C) lower than the room air. So the energy saving rate ξ is related to what the refrigeration is used for. In order to illustrate the energy benefit of cogeneration, we assume that the cold fluids absorb heat until their temperatures increase to 20°C, during which the refrigeration output corresponding to 1 kg/s consumed motive steam is
, , 14 14 13 13 1 To calculate the m AR in Eq.(4) and ξ 2 in Eq.(5), we assume that q R is produced by a conventional AR with an evaporation temperature of 17°C, with the other calculation conditions the same as those shown in Table 1 for the absorption subsystem. This case study provides a concrete example of the energy saving effect of ABMEE, as illustrated in Section 4. Table 2 shows the main parameters and thermodynamic performance of the base-case of ABMEE, where the temperature T ms of the saturated motive steam is taken as 135°C, the number of effects of HS and LS, n HS and n LS , are both 9, and the other calculation conditions are taken from Table 1 . Compared with the baseline MEE system, the boiling temperature of the last effect of MEE decreases from 41°C to 10.8°C, and the number of effects increases from 9 to 18 owing to the coupling with the absorption unit. Correspondingly, the PR increases from 8.35 to 11.24, increased by 34.6%, and the energy saving rate is 52.9% when the cooling effect is considered.
Results and discussion
Base-case performance
Although, the HS and the LS both have 9 effects, the LS has a much higher PR than the HS, 10.43 to 8.06 in the base case, for which the main reasons are three: first, in most of the evaporators of LS, the boiling temperature of seawater is lower than the temperature t 15 of feed seawater, making it unnecessary to use seawater preheaters, and the result is that more heat is used to evaporate seawater and extra vapor is produced; second, feed seawater flashes in the evaporators operating below t 15 , producing more extra vapor; third, the extra vapor produced in one effect serves as a part of the heating steam for the next effect, causing the vapor production to increase at a distinctly increasing rate in the evaporators operating below t 15 (Fig. 3) , and the result is an obviously increased PR LS . For example, in the base case ABMEE (Table 2) , effects 13-18 of MEE (i.e. effects 4-9 of LS) operate at 28.9°C to 10.8°C, lower than the 30°C of the feed, and the water production rate is 0.43 kg/s in effect 13 and 0.69 kg/s in effect 18, increased by 61%. Different from the LS, the HS operates like a conventional LT-MEE unit, where the heat consumed in the preheaters, and the heat consumed in heating the seawater to its boiling temperature, reduce the heat available for seawater evaporation, and the results is diminished water production in each effect (Fig. 3) and then a much lower PR HS than PR LS .
Compared with the baseline MEE which has a PR 0 of 8.35, 9-effect LS with a much higher PR LS of 10.43 is added to ABMEE, so the PR of ABMEE is expected to be double. However, the calculation results (Table 2) show that it only increases by 34.6%, for which the reason is analyzed below. In the 0.85 kg/s heating steam (stream 5 in Fig. 1) for MEE, 0.72 kg/s (stream 4) is from the generator, which equals to the mass flow of the water vapor (stream 16) produced in the last effect of LS. To ensure this mass balance, only 58% of the water vapor (stream 11) from the last effect of HS is used as the heating steam of LS, and the remainder (stream 10) is routed into the end condenser. The result is that the LS produces much less water than the HS although it has much higher PR; for example, in the base case, the HS is driven by 0.85 kg/s heating steam and produces 6.81 kg/s fresh water, accounting for 60.6% of the total water production, and the LS is driven by 0.42 kg/s heating steam and produces 4.43 kg/s fresh water, accounting for only 39.4% of the total water production. It is thus clear that the requirement of mass balance (m 16 = m 4 ), and the feature of LS in which the produced vapor increases at an obviously increasing rate in the sequential effects (Fig. 3) , make it impossible to fully utilize the advantage of high PR of LS, thus limiting the increase of PR of ABMEE.
The cold fluids (streams 13 and 14) from ABMEE have many possible uses, such as the heat sink of an air conditioning process and the cooling medium of a power plant. However, a typical situation exists where the produced refrigeration is not needed anywhere, for which we propose using the refrigeration to enhance the water production of ABMEE. This sounds strange but works. The most understandable example is using the cold fluids to cool the feed seawater or the heating steam of the nth effect (the last effect) to reduce the formed vapor m 16 , and at the same time, increasing the mass flow m 11 of the heating steam for LS to increase the formed vapor m 16 ; the result is that, except the nth effect whose water production m 16 remains constant to satisfy the mass balance mentioned above (m 16 = 0.72 kg/s in the base case), all the other effects in LS get increased water production because of the increased m 11 , thus causing increased water production from LS and then higher PR of ABMEE. A number of possible schemes exist because the cold fluids can also be used to cool the feed seawater and/or the heating steam of the other effects of LS. Taking the minimum temperature difference between the cold fluids and the feed seawater or heating steam as 4°C, we calculated the performance of all the possible schemes, and the results show that (1) all the possible schemes, where the refrigeration is consumed by the system itself and only fresh water is produced, have higher PR than the ABMEE outputting both water and refrigeration, and (2) the scheme where the cold fluids are used to cool the feed seawater (stream 15) of LS provides the highest PR-this scheme is referred to as "water-only ABMEE system" below. In the base-case conditions, the water-only ABMEE has a PR of 11.9, which is 6.3% higher than the cogeneration ABMEE. It is thus clear that, in the conditions where the refrigeration is not needed anywhere, it is sensible to use it to enhance the water production of ABMEE by simply adding a heat exchanger between the cold fluids and the feed seawater of LS.
Parametric sensitivity analysis
Under the specified ambient conditions, the main factors influencing the thermal performance of ABMEE are the numbers of effects of HS and LS, n HS and n LS , and the temperature of saturated motive steam, T ms . The influence of the factors is discussed below, with the other conditions kept constant at the base-case values shown in Table 1 . Fig. 4 shows the water production m w , the refrigeration production q Rth and q R , and the energy saving rates ξ 1 , ξ 2 and ξ, of the cogeneration ABMEE system for different n HS and n LS when T ms = 125°C. The PR of ABMEE has the same value as m w . The concentrated brine and the distillate from the last effect of LS have slightly different temperatures, and the average temperature T c is used to approximately represent the temperature of the cold fluids, as shown in Fig. 4(b) . Fig. 4 (a) reveals that for specified T ms and n HS , a higher n LS doesn't always lead to a higher PR, and an optimum n LS (denoted by n LS,opt ) exists which leads to the highest PR. For example, n LS,opt = 7 under n HS = 9, and n LS,opt = 8 under n HS = 6, 7 and 8 when T ms = 125°C. Calculations show that with the increase of n LS , PR LS increases significantly (for example, increasing n LS from 6 to 9 increases the PR LS from 6.2 to 10.4, increased by 68%), but it seems that the significant increase of PR LS has an insignificant influence on the PR of ABMEE (Fig. 4(a) ), for which the reason is analyzed below. Under specified T ms and n HS , the operation pressure and temperature of the generator remain constant, while those of the absorber decrease with increasing n LS , and the result is decreased mass flow of absorbed vapor, m 16 , with further It is also revealed in Fig. 4 (a) that for specified T ms and n LS , a higher n HS always leads to a higher PR of ABMEE. Calculations show that adding each effect to the HS causes the PR of ABMEE to increase by 4.2%~8.5% when n HS = 6~9 and n LS = 6~9. Increasing n HS has only a marginal influence on the performance of LS, so the increase of PR comes from the increase of m wHS . Because of the monotonic influence of n HS on the PR of ABMEE, the maximum n HS that can be obtained is also the optimum n HS corresponding to the highest PR. Under the typical calculation conditions shown in Table 1 , the maximum n HS is 9 (referring to the parameters of HS in the base-case calculation shown in Table 2 ), and so is the optimum n HS .
Influence of the numbers of effects n HS and n LS
Because n HS has only a marginal influence on the performance of LS, the produced refrigeration q R (or q Rth ) has only a marginal variation with the increase of n HS , as shown in Fig. 4(c) . Contrarily, n LS has a strong influence on q R . When T ms and n HS are specified, increasing n LS leads to a distinct increase in q R for two reasons: first, adding each effect to the LS causes the temperatures of the cold fluids to decrease by 3.4°C which is the inter-effect temperature difference used in our calculation (Table 1) , and second, increasing n LS increases m wLS , as mentioned above, and proportionally increase the mass flows of the two cold fluids. So, as illustrated in Fig. 4(c) , a higher n LS leads to not only more q R but also lower temperature of q R .
It should be noted that the requirements of the maximum PR and the maximum q R (or q Rth ) on the system parameters are different. For example, the maximum PR requires n HS = 9 and n LS = 7, while the maximum q R requires n HS = n LS = 9, when T ms = 125°C. Although, the produced refrigeration is only a by-product of water production, it is beneficial for improving the energetic and economic performance of the whole ABMEE system, because its amount is large. For example, driven by 1 kg/s saturated steam at 135°C, an ABMEE system with n HS = n LS = 9 can produce 11.24 kg/s of water, and simultaneously 680.8 kW (q Rth ) or 333.2 kW (q R ) of refrigeration. When n LS is 6, 7, 8 and 9, the temperatures of the cold fluids are around 20.6°C, 17.2°C, 13.8°C and 10.4°C, respectively. It is thus clear that, taking n HS = 9 is always beneficial because it can help obtain the highest water production, while the choice of n LS depends partially on the water capacity needed and partially on the temperature and the amount of refrigeration needed.
The energy saving rate ξ 1 caused by the improvement of PR certainly has the same trend as PR (Fig. 4(a) ), and the energy saving rate ξ 2 caused by the refrigeration production has the same trend as q R (Figs. 4(b) and 4(c) ). As a result, the energy saving rate ξ of ABMEE increases with the increase of n HS and n LS (Fig. 4(c) ).
The n HS and n LS have also influence on the range of T ms within which the ABMEE system can operate. Fig. 5 illustrates the upper and lower limits of T ms (denoted by T ms,max and T ms,min respectively), for different n HS and n LS . For instance, the range of T ms is 120°C~143°C when n HS = n LS = 9, and 103°C~135°C when n HS = n LS = 7. For a specified n HS which determines the saturation temperature/pressure of the heating steam (stream 5) of HS and then the operating pressure of the generator, a higher T ms raises the temperature and then the concentration of the strong LiBr-H 2 O solution, making the solution more prone to crystallize and thus restricting the increase of T ms . Considering the sharp rise of the crystallization temperature of the solution at concentrations higher than 65%, the maximum concentration allowed is usually taken as 65% as done in this study (Table 1 ), thus determining the upper limit of T ms . When T ms decreases, the concentration of the strong solution decreases as well, reducing the concentration difference between the strong and weak solutions, ∆X. Calculations show that when ∆X < 2%, the PR of ABMEE decreases very sharply with the decrease of ∆X, so the minimum ∆X allowed is taken as 2% in this paper, which determines the lower limit of T ms . It is also revealed in Fig. 5 that a lower n LS leads to a lower T ms,min and then a wider range of T ms , for which the reason is that a lower n LS causes a higher absorption pressure p 16 and then a lower concentration of weak solution, thus resulting in a lower T ms,min .
Influence of the motive steam saturation temperature T ms
The motive steam is assumed to be saturated, and Fig. 6 shows the influence of its temperature T ms . Only the system performance under n HS = 9 is illustrated because it can help get the best performance of water production, as discussed in Section 4.2.1. With the increase of T ms , the PR and ξ 1 of ABMEE (Figs. 6(a) and (b) ) first increase at a distinctly diminishing rate and then decrease slowly until the upper limit of T ms is reached; an optimum T ms exists which leads to the highest PR and ξ 1 . For instance, for the ABMEE system with n HS = n LS = 9, T ms,opt = 135°C and the corresponding PR opt = 11.2 and ξ 1max = 34.6%. T ms has an insignificant influence on q R and ξ 2 (Figs.6(c) and (d)), so ξ (Fig. 6(d) ) has a similar trend to PR and ξ 1 . The optimum performance of water production, PR opt = 11.3 and ξ 1max = 36.0%, appears when T ms = 125°C, n HS = 9 and n LS = 7, and the optimum performance of cogeneration, ξ opt = 52.9%, appears when T ms = 135°C and n HS = n LS = 9.
The ABMEE system has a good adaptability to varying motive heat source, as reflected in Fig. 6(a) , where the PR has only a small variation with T ms when T ms varies in a certain range around T ms,opt . For example, when T ms = 125°C~143°C, PR ranges from 11.24 to 11.3 for the system with n HS = 9 and n LS = 8, showing a difference less than 0.6%. It is also revealed that the influence of n LS on the water production of ABMEE becomes insignificant in a certain range of T ms (Fig. 6(a) . For instance, when T ms = 130°C~143°C, the PR is 11.2~11.3 for n LS = 7~9, showing a difference less than 1.5%, and when T ms = 125°C~143°C, the PR is 10.98~11.3 for n LS = 6~9, showing a difference less than 3%. This feature of ABMEE offers certain flexibility for system design. 
Performance of the water-only ABMEE system
As discussed in Section 4.1, when the produced refrigeration is not needed anywhere, it can be used to enhance the water production of ABMEE by using it to cool the feed seawater of LS. Calculations show that an obvious water production gain, 7.5%~8.1% when n HS = 9 and 5.1%~5.5% when n LS = 8, can be obtained (Fig. 7) . This method is effective only when n LS is higher, say 8 or 9, because the lower-temperature fluids under higher n LS , 10.4°C for n LS = 9 and 13.8°C for n LS = 8, can produce better cooling effect on the feed seawater of LS.
Conclusions
This study presents a thermodynamic analysis of an absorption-assisted multi-effect evaporation (ABMEE) water desalination system. Owing to the coupling with the absorption unit, the MEE unit operates within a greatly extended temperature range and accommodates much more stages than a conventional MEE. Besides water production, the cold fluids from the last effect of MEE provide refrigeration as by-product. Driven by 105°C~143°C of saturated steam, a water production gain up to 36% can be obtained compared with the baseline 9-effect MEE system, and an energy saving rate up to 53% can be obtained when the produced refrigeration is also considered.
The motive steam saturation temperature T ms and the numbers of effects, n HS and n LS , of the two sections of the MEE subsystem are the main factors influencing the performance of ABMEE. The parametric analysis shows that: adding each effect to the HS causes the PR of ABMEE to increase by 4.2%~8.5%; the maximum n HS that can be obtained is 9, which is also the optimum n HS corresponding to the highest PR; for specified T ms and n HS , an optimum n LS (which is not the maximum n LS ) exists which leads to the highest PR; n HS has a marginal influence on the cooling capacity; a higher n LS leads to not only higher cooling capacity but also lower temperature of it; in a certain range of T ms , the PR of ABMEE only varies slightly with T ms , indicating a good adaptability of the system to varying motive heat source. The n HS and n LS have also influence on the range of T ms within which the ABMEE system can operate, and the upper and lower limits of T ms are illustrated in the paper. When the produced refrigeration is not needed anywhere, it can be used to enhance the water production of ABMEE by using it to cool the feed seawater of LS, and calculations show that an obvious water production gain, 7.5%~8.1% when n HS = 9 and 5.1%~5.5% when n LS = 8, can be obtained.
The lower-temperature section added to the MEE subsystem of ABMEE has much higher PR than the conventional MEEs, but the advantage is not fully utilized in the present layout. Further study is necessary to find more favorable layouts. 
